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PURIFICATION OF MACROMOIf CULAR CHROMOPHOBES 
(MMCs) USING MEMBRANE PROCESSES FOR INK-JET INKS 



TECHNICAL HELD 



I ae present invention relares generally „ * ramposMoils for ' 
more paniajIarIy , . ^ ^ ^ _ ^ ^ 

molecular chromophores (MMCs), in which the MMCs are punned 



BACKGROUND ART 



It ts well-known tot the purity of wate M oluble dyes are paramount toward 
me reliability performance of ink-jet ink, CotnmeKiaily-availabie dyes often contain 
agntfican, amounts of organic and inorganic impurities which are uudesimble for 
d.gtrnl pnnting applications, auch as thermal ink-jet printers. Residual impurities de- 
S-de reliability perfonnance by kogating on the resistor surface as well . crusting at 
Some of the Lnpurities found in water-soluble dyes are sodium chloride and 
sodium sulfate. 

Macromolecular chromophores (MMCs) art derived thmugh chemical near- 
ment of pigment, whereby water-solubUiaihg groups are bonded covalently on the 
P.gmen. particle. Colorants of mis type am water-solub.e and se.f-dispe.ible without 
requiring the use of dispersing agents. 



. wo commercial suppuers of these MMCs m orient Chemicals and Cabot 
Corporation, During the chemical treatment, unreached starting materials and by- 
■ products « found to remai ° °° the MMCs. Through chemical analysis, it has been 
determined that the amounts of impurities exceed those of ink-jet grade dyes. Crust- 
5 ing is particularly evident in commercially-available MMCs: 

At least two processes are presently known for modifying ink-jet grade dyes. 
These include (1) reverse osmosis, as disclosed, for example, in U.S. Patent 
4,685,968, issued August 1 1, 1987, to Donald J. Palmer and assigned to the same as- 
signee as the present application, and (2) ion exchange, as disclosed, for example, in 
1 0 U.S. Patent 4,786,327, issued November 22, 1988, to Donald E. Wenzel et al and as- 
signed to the same assignee as the present application. In both instances, the primary 
purpose of the respective process is to effect a change of the counter-ion associated 
with the dye. However, both patents suggest the use of reverse osmosis to purify the 
dye. 

1 5 While the foregoing references are certainly useful for purifying dyes used in 

ink-jet inks, more recent advances have resulted in the use of pigments, particularly 
pigments modified in some fashion, to produce MMCs. A process is required for pu- 
rifying MMCs to a purity level acceptable for ink-jet applications. 

2 0 DISCLOSURE OF INVENTION 

In accordance with the present invention, a process is provided for purifying 
MMCs. The process comprises the use of ultrafiltration to purify MMCs to a level ac- 
ceptable for ink-jet applications. Through . purification, residual cations and anions 
25 that are not associated with ionizing functional groups are removed, such as excess 
salts.. Furthermore, unreacted starting material and reaction by-products that result 
from the chemical treatment of the pigment are also removed. The removal of the 
foregoing materials results in an MMC that is considered to be an ink-jet grade color- 
ant . 

3 0 The process of the present invention comprises: 



W wnning an aqueous solution of the macros, i 

(b) adding to the aqueous solution an amount of .r m • 
desirable counter-ion; hqUld a 

5 . (C) Wbjec *« 46 solution to ultrafiltration; and 

(d) repeating steps (b) and (c). 

Wcs prepared from MMCs that are purified as des^ u 
ton, and improved long tenn U SBbility OT * U& reduc5d ^ 

10 BEST MODES FOR CARRYING OUT THE INVENTION 

tie^T" » ^ - chemieal 

T~ ° f ^ groups are bonded- covalcndy on 

^ ~ ^ « «* are preseady «X 

^ — ink-jet inks. MMCs are presently 

produced onto the surface of the pigment particles, while h ^ 

•""^i groups, die cation associated with the fW , ™xylatefuac- 

" cation h „= case «f • ^™ a *^«*>*>y "^*>i*m 

°n. in tne case of ammonium functional mains tk. ,„• 
fim«- i groups, me anion assoc ated with the 

fimctional group la usually excess chloride anion. Such «e«« • 

be excess because meir concentration excels the! * ~ """^ '° 

of the MMCs. ""^'hoste.chiomeny and charge neutrality 

-o sodium h jz::T " e preMt invra ^ " * — 

um, and undes,mble anions, such as excess chloride or smfate, m Kmmei by 
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...c j,jamtranon process, aiso Known as microfiltrarion or membrane 
filtration, is carried out using conventional membranes, such as polysulfone or thin 
film composite membranes, such as available fiom the Osmonics Company. The par- 
ticular membrane used is based on the size of the impurities to be removed. Specifi- 
cally, the membrane is characterized either in terms of the molecular weight (weight 
average) cut-off; which is in the range of 2,000 to 12,000, calibrated, for example, to 
polyethylene glycol (PEG), or the porosity, which is in the range of 0.02 to 1 urn. 

As a further feature of the process of the invention, desired ions are added to a 
solution of the MMCs and the ion exchange allowed to occur. Undesired ions are then 
removed by ultrafUtrafiorL Ionic strength is used as an hdication of when equilibrium 
is reached, which is determined by no further change in ionic strength. The ionic 
strength may be measured by the pH or by the electrical conductivity of the permeate. 
Alternatively, the ionic strength of the concentrate may be measured. 

Additional ions are then added and the ultrafiltration process repeated. The 
cycle is repeated as often as necessary, until no further improvement is seen. By 
"improve-ment" is meant that there is no change in ionic strength of the permeate (or 
of the concentrate) with time. 

The amount of MMC in solution (aqueous), that is, in the concentrate, is 
within-the range of 0.2 to 25 wt%. Preferably, the concentration of MMC is in the 
20 range of 5 to I5wt%. . 

It is contemplated that excess ions over the stoichiometric amount of MMC 
are removed by the process of the present invention, along with ions of the opposite 
charge, to maintain electrical neutrality. In addition to the ion removal process, ions 
associated with the MMC may be replaced, if desired. 

25 When the surface modification of the macromolecular pigment provides ani- 

onic functional groups on the surface of the particle (anionic MMCs), the counterfoils 
must be cations. Generally, potassium, sodium, and any ammonium-based ion 
(including quaternary ions) may be used in the practice of this invention as the coun- 
terion to- an anionic MMC. Some classes of these ions employed in the practice of this 

30 invention include, but are not limited to, N,N\N"-substituted and unsubstituted am- 



iO 



5 



. . ,lS ' iS -substituted and unsubstituted , 

' ^-substituted and unsub^ , 65 ° f ac " 

, . ""substituted lactams of I m 

Waited and unsubstituted ester, ° ^ 

^ of ^-amuio acids N7\r „ i. • ' . ■ 
^tuted Lactones of l.^amino acid, p r , W-^bstituted and unsub- 

^ torn* W .^ sttoted ^ Lu^Z t! amm0,,i,,m - 

-te of carbon ^ for ^ ^ j *» K*o- 

> oms. ^ r ^^ B talari 30 carbon at- 

The temu N,>P,N". 5u b s ti t uted and . , r 

- M to encompass a,, ^ J^T" — ° f «* 
Wta- of 1 to 20 carbon ltom5 ^ ~ £ ^ 1 **" 

- -W -or a., JXtof 7 ~ 

hb«— l»d 30 carbon aton* 6 l?* , *" r4 * 
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20 



25 



"P » wo airrerent saturated or unsaturated alkyl and aryl subsdnitioos. The 
number of carbon atoms totaled over all substitutions is between I and 20 carbon at- 



oms. 



When the surface modification of the macromolecular pigment provides cati- 
onic functional groups on the surface of the particle (cationic MMCs), the counterfoils 
must be anions. Anionic counterfoils employed in the practice of this invention in- 
clude, but are not limited to, halide, nitrate, phosphate, aryl or arene sulfonate, car- 
boxylate, carbonate, bicarbonate, borate, tetraborate, tetrafluoroborate, methane sul- 
fonate, toluene sulfonate, phosphite, phosphonate, hexafiurophosphonate, phosphene, 
phenoiate, percUorate/tungstate, molybdate, hydroxide, sulfate, and silicate ions. 

All concentrations herein are expressed in weight percentages, unless other- 
wise indicated. The purity of all components is that employed in normal commercial 
practice for ink-jet inks. 

Without the process of the invention, many reliability issues are encountered, 
including decap, kogation and crusting, that are eliminated, or substantially reduced, 
by use of the process of the present invention. 

Once the MMC is purified, it can then be combined with other common in- 
gredients used in formulating ink-jet inks. The ink comprises the purified MMC plus 
a vehicle. A typical formulation for an ink useful in the practice of the invention in- 
cludes the MMC (about 0.5 to 20 wt%), one or more cosolvents (0 to about 50 wt%), 
one or more water-soluble surfactants/amphiphiles (0 to about 40 wt%), one or more 
high molecular weight colloids (0 to about 3 wt°/o), and water (balance). 

One or more cosolvents may be added to the vehicle in the formulation of the 
ink. Classes of cosolvents employed in the practice of this invention include, but are 
not limited to, aliphatic alcohols, aromatic alcohols, diols, glycol ethers, poly(glycol) 
ethers, caprotactams, formamides, acetamides, and long chain alcohols. Examples of 
compounds employed in the practice of this invention include, but are not limited to, 
primary aliphatic alcohols of 30 carbons or less, primary aromatic alcohols of 30 car- 
bons or less, secondary aliphatic alcohols of 30 carbons or less, secondary aromatic 
30 alcohols of 30 carbons or less, 1,2-alcohols of 30 carbons or less, 1,3-alcohols of 30 
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20 



25 



— n, jrt f ^ « 

centration mav ran*. «. « . "^ouainone. The cosolvent con- 

farrod, " ^ ° " *« 50 "* * *« " * » *H bein g p re - 

*. For commence, exampfa of 

(D.nomomc and amphoteric and ©ionic 11. ft , • 

. ""Wonic. The former class tadudes- TERramr . 

wh.cn are alfcyl polycthyl^ oxides available ft™ T7 • ... lmGIT0Ls . 

« - ^ oxide ^ ilT™LT 

poiyerhy.ene oxides avail* fioro Air LL> POE ^ 
oxide) esters; POEdiestera-POE ^- products), POE (polyethylene 

= oiesters, POE amines; protonated POE amines- PDF 



w * ampmpnnes/sunaoants may range from 0 to about 40 wt%, wi m 2 5 w?/o 
being preferred. ' 0 

To improve optical density, between 6 and about 3 wr% of « least one high 
molecular weight colloid derived from natural or synthetic sources may optionally be 
added to the ink formulation. Addition of a high molecular weight colloid improves 
Pnnt quality. Examples of high molecular weight colloids employed in the practice of 
tms mvention include, but are not limited to, alginates, mannuronic acid, carageenan, 
guar gum, xanthan gum, dextran, chitin, chitosan, carboxymethylceUulose, ni- 
tromethylcellulose, and ail derivatives thereof. These colloids are disclosed in U.S. 
Patent 5,133,803, "High Molecular Weight Colloids which Control Bleed." The pre- 
ferred high molecular weight colloids employed in the practice of this invention in- 
dude, but are not limited to, low viscosity, Na alginate. The preferred concentration 
of the high molecular weight component colloid in the inks of this invention is about 
0.25 wt%. 

Consistent with the requirements for this invention, various types of additives 
may be employed in the ink to optimize the properties of the ink composition for spe- 
cific applications. For example, as is well-known to those skilled in the art, biocides 
may be used in the ink composition to inhibit growth of microorganisms, sequestering 
agents such as EDTA may be included to eUminati deleterious effects of heavy metal 
impurities, and buffer solutions may be used to control the pH of the ink. Other 
known additives such as viscosity modifiers and other acrylic or non-acrylic polymers 
may be added to improve various properties of the ink compositions as desired. 

The inks are formulated by combining the various components of the vehicle 
and mixing them with the macromolecular chromophore after exchanging the counte- 
rion as disclosed herein. 

The inks containing colorants with counterion substitution as described herein 
demonstrate high edge acuity, high optical density, fast drying times, high waterfast- 
ness, and high smearfastness. 



EXAMPLES 
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°" Md KCia ° Se > ro «*«- Tab.e n b. the analytic*, ^ - Dam P "™ 
Examp le [ 

A membrane apparatus was charged with 2 liters of 10 «%& r a K n . f ,™ 

tion (fully carfaoxylated MMC with sndn, J °° ^ 

j «u iyuviu witu sodium as counterion', An nii-fii^.- 

^ PH o: Ae solution dropped B ^ , „ , ^ ? ^ 

-Tab II below. The purified Dat en, « 0Q fa 
" d C0lleOTd - *• Poe-ta fin of Cabojet 300. 

Example 1 

« ^ ~ — - added ^ „ f 

eocene. After «be pH of «be sohation ^ to ^ , a ? ^ 
oours, tins step was repeated 3 times Th» „ 

forimnonv ,j The permeate and concentrate were analyzed 

for impurmes, and they are listed in Table H beiow Th* - , 

centrated on a. u PUmied material wa * «n- 

cenmated on the membrane apparatus and eo.Wt*! .u 

300. ^ d 251116 pbtassium f onn of Cabojet 

Example 3 

■ion MIT' " WB ChM8ed ^ 2 *" ° f '° C **' solu- 
- A. ultrafllmtlon mrabrane ^ Qf a prop . £ary ^ ^ 



a molecular weight cutoff at 12,000 on polyethylene glycol was used. Five grams of 
10 wt% tetramethyiammonium hydroxide solution were added to the concentrate to 
exchange for the sodium counterion. After the pH of the solution dropped to about 8 
to 9 within 8 hours, this step was repeated 3 times. The permeate and concentrate 
were analyzed for impurities, and they are listed in Table EE below. The purified mate- 
rial was concentrated on the membrane apparatus and collected as the tetramethy- 
iammonium (TMA) form of Cabojet 300. 

Example 4 

A membrane apparatus was charged with 2 liters of 10 wt% Cabojet 300 solu- 
tion. An ultrafiltration membrane consisting of a proprietary thin-film composite with 
a molecular weight cutoff at 12,000 on polyethylene glycol was used Five grams of 
dimethylamine were added to the concentrate to exchange for the sodium counterion. 
After the pH of the solution dropped to about 8 to 9 within 8 hours, this step was re- 
peated 3 times. The permeate and concentrate were analyzed for impurities, and they 
are listed in Table EE below. The purified material was concentrated on the membrane 
apparatus and collected as the dimethyl-ammonium (DMA) form of Cabojet 300. 

Example 5 

A membrane apparatus was charged with 2 liters of 10 wt% Cabojet 200 solu- 
tion (sulfonated MMC with sodium as counterion). An ulttafiitration membrane con- 
sisting of a proprietary thin-film composite with a molecular weight cutoff at 2,000 
on polyethylene glycol was used. Ten grams of 1 M potassium hydroxide solution 
was added to the concentrate to exchange for the sodium counterion. After the pH of 
the solution dropped to about 7 to 8 within 8 hours, this step was repeated 3 times. 
The permeate and concentrate were analyzed for impurities, and they are listed in Ta- 
ble n below. The purified material was concentrated on the membrane apparatus' and 
colleaed as the potassium form of Cabojet 200. 



Example 6 



c was charged with 2 Uters of 10 mv r.k • M « , 

^on (fully carboxylated MMr ^ , ^ of 10 ^ Cabojet 300 solu- 

j w iwmc with sodium as eounteriori A m ;^i^- 
brane consisting of a PTFE flu ± rr a , microfiltration mem- 

6 v lffc fluorocarfaon (Teflon) with 9n 
w as used Ten mmt fflt 30 avera 8 e P orosit y of 0.2 um 

°ot 8 to 9 within 8 hours, this step was repeated 3 times Th» 
cenraewererrrrsWrf • •• ra J "a"" 5 Tie permeate and con- 

ned mateT^ ^ ^ ^ 

nWenal was concentrated oo me mernbmne apparatus and collected „ * 

smm form of Cabojet 300. 
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TABLE L Membrane Used for Purification and Exchange. 



Membrane 
TFC*, ultrafiltration 
TFC", ultrafiltration 



TFC", ultrafiltration 



TFC*, ultrafiltration 
TFC", ultrafiltration 
Teflon™, microfiltran'on 
*TFC - thin-film composite 



Specification 
2,000 MW cutoff tor polyethylene glycol" 
12,000 MW cutotr for polyethylene glycof 
12,000 MW cutotr tor polyethylene glycol" 



12,000 MM/ cutotr tor polyethylene glycol" 



2,000 MW cutott tor polyethylene glycol 
0.2 urn porosity 



TABLE E. Analytical Results (in ppm). 
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The results in Table H demonst™*. -j l, 

uanon «iate "»e considerable red.,,*:— • 
cations and th» *: ti , reduction in sodium 



^ prepared from membrane-purified MMCs show^ • 

ment in reliability for examnU. Z ' m ? T0V * 

^' ror example, decap. Decap time was evt P n^ r 
values greater th an ^ • ^ ~V "me was extended from 5 to 10 sec to 

INDUSTRIAL APPLICABILITY 

kogation It win», n • Jt susceptible to decap and 

*™. it will be appreciated by those skilled in this art • . 

modifications can be / ' * m van °<* changes and 

aons can be made without departing from the soirit of *. • 
such changes and morfi^ " m me ^ °^e mventaon, and aU 

anges and modifications are considered to fall within the scooe of th 
-enuon.a.defmedbytheappendedclaims-. ^^P-f the present 
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LA process for purifying a macromolecular chromophore comprising a pigment 
whose surface has been chemically modified to have either anionic or canonic func- 
tional groups, said functional groups having an undesirable counter-ion associated 
therewith, said process comprising: 

(a) forming an aqueous solution of said macromolecular chromophore; 

(b) adding to said aqueous solution an amount of a liquid containing a 
desirable counter-ion; 

(c) subjecting said aqueous solution to membrane filtration to form a 
permeate and a coventrate, with said macromolecular chromophore contained in said 
concentrate; 

(d) repeating steps (b) and (c), 

whereby said undesirable counter-ion associated with said macromolecular chromo- 
phore is at least partially replaced with said desirable counter-ton. 

2. The process of Claim 1 wherein said aqueous solution contains said macro- 
2 0 molecular chromophore within a range of about 2 to 10 wt%. 
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3. The process of Claim 1 wherein said functional groups are 



anionic. 



4. The process of Claim 3 wherein said functional groups are selected from the 
group consisting of carboxylate and sulfonate, wherein said undesirable counter-ion is 
excess sodium, and wherein said desirable counter-ion is a cation selected from the 
group consisting of N,N',N"-substituted ammonium ions, N,tf ,N"-uusubsututed am- 
monium ions, N,N',N"^"- S ubstituted amides of 1, o-arnino acids, N,N\N'\N'^ 
unsubstituted amides of l.o-amino acids, ^substituted lactams of l,co-amino ac- 
ids, W-unsubstituted lactams of l,a,-amino acids, KN*^ '-substituted esters of 
1,0-amino acids, N,>T,N" -unsubstituted esters of l, ffl -amino acids, N,>T -substituted 



ionium, »d sodium. 

ssrrr ^ «~ — • 

e^T" ° f ^ ' ^ — > cut-off ^ 



a 
or a 



there 1S „„ i ragCT ^ ^ ^ ^ _ 



mg: 



9- A process for providing m ^ ^ havbg ^ ^ 

(a) providing an aqueous solution comprising 

®"»«"^^ 

surface has been chemically modified to have either a ™ ■ ■ 
„. . 11276 eimer amomc or canonic func- 

tional groups, and 

00 impurities selected from the group consisting tf excess 
counter-ions, unreacted starting materials Twnti„„ u J , ' 
m j j.* • ^ung marenals, reaction by-products from said chemi- 

cal modification of said pigment, and mixtures thereof; 



(b) subjecting said aqueous solution to membrane filtration to form a 
permeate and a concentrate, with said macromolecular chromophore contained in said 
concentrate and said impurities in said permeate; 

(c) repeating step (b) a sufficient number of times to provide a purified 
macromolecular chromophore having a desired purity, and 

(f) adding components to said purified macromolecular chromophore to 
form said ink-jet ink. 

10. The process of Claim 9 wherein said ink-jet ink comprises: 

(a) 0 to about 50 wt% of at least one cosoivent, 0 to about 40 wt% of at 
least one water-soluble surtactant or amphiphile, and 0 to about 3 wt% of at least one 
high molecular weight colloid; 

(b) about 0.5 to 20 wt% of said purified macromoiecuiar chromophore; 

and 

(c) the balance water. 

11. The process of Claim 9 wherein said excess counter-ions over the stoi- 
chiometric amount of counter-ions required to achieve electrical. neutrality wirh said 
anionic or cationic functional groups of said macromolecular chromophore are filtered 
into said penneate. 
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